Oilseed is the most important source of vegetable oil and the basis of breeding strategies is genetic diversity assessment. Genetic diversity of 19 rapeseed genotypes as well as their ancient ancestors Brassica rapa L. and Brassica oleracea L. were assessed using random amplified polymorphic DNA (RAPD) primers and morpho-phenological traits. Path analysis showed that number of pods per main branch had the highest direct effect on seed yield. Stepwise regressing showed numbers of pods per main branch was entered as the first variable in the model and explained 79% of seed yield variation. Phenotypic cluster showed that genotypes were divided into 4 groups. Polymorphic RAPD primers produced 74 bands. The range of PIC value for the used primer was 0.35 to 2.78. Result indicates primer D as the best primer for genetic diversity analysis. Molecular similarity matrix showed that Magnum and Hyola308 had the highest similarity. Molecular cluster had divided the genotypes into 3 groups; early maturing and high yielding cultivars were located in the first group, genotypes with high number of seed per pod and seed yield were located in the second group, while genotypes at third group had lowest number of pods per main branch and number of seed per pod. Obtained biplot from two first principal component analysis (PCA) showed that number of pod per main branch has an important role on seed yield, and this can be mentioned as an important trait for breeding programs.
INTRODUCTION
Oilseed rape (Brassica napus L.) is the most important source of vegetable oil and the second most important oilseed crop in the international oilseed market after soybean (Hasan et al., 2006) Brassica napus is an amphidiploid (AACC genome, 2n = 38) and is believed to have arisen by inter-specific hybridization between diploid Brassica rapa L. (AA genome, 2n = 20) and Brassica oleracea L. (CC genome, 2n = 18) (Prakash and Hinata, 1980) . To ensure efficient rapeseed production breeders have aimed to produce high yielding and high quality cultivars. The information on the genetic diversity in B. napus could help breeders and geneticists to understand *Corresponding author. E-mail: Mohammadinejad@uk.ac.ir. Tel: +98-320-2639. Fax: +98-341-322-2043. the structure of B. napus germplasm and to predict which combinations would produce the best offspring (Shengwu et al., 2003) .
There are various techniques available for evaluation of crop genetic variability, such as morphological, biochemical and molecular markers. Molecular (DNA) markers have many advantages over other techniques (independent of environment and plant growth stage, unlimited number, etc.) and they have been increasingly employed for analysis of genetic diversity (Prasad et al., 2000; Kondic-Spika et al., 2008; Nyende, 2008) . A variety of molecular markers including restriction fragment length polymorphism (RFLP), simple sequence repeats (SSR), amplified fragment length polymorphism (AFLP) and random amplified polymorphic DNA (RAPD) have been used to study the extent of genetic variation among the diverse group of important crop species in the genus Brassica (Karp, 1997; Shengwu et al., 2003) . The use of RAPD technique for the study of genetic variation has been demonstrated as suitable in many species. RAPD analysis has been widely used on Brassica crops: (1) for determining the genetic relationships between different related species (Demeke et al., 1992; Thormann et al., 1994; Ren et al., 1995) , (2) for the identification of cultivars (Hu et al., 1999) and the percentage of hybridity (Marshall et al., 1994) and (3) for the estimation of genetic relationships and diversity among crop germplasm (Kresovich et al., 1992; Hallden et al., 1994; Mailer et al., 1994; Santos et al., 1994; Divaret and Thomas, 1998) . Shengwu (2003) Most of the traits of interest to breeders are complex and are the result of the interaction of a number of components. Hence, understanding the relationship between yield and its components is of paramount importance for making the best use of these relationships in selection (Sarawgi et al., 1997) . Yield is a complex character determined by several characters having positive or negative effects on this trait. It is therefore important to examine the contribution of each of the trait in order to give more attention to those having the greatest influence on yield. Moreover, information on the association of traits with yield is of great importance to define selection criteria for rape breeding in terms of yield. Generally, correlation coefficients show relationships among independent characteristics and the degree of linear relation between these characteristics. However, path analysis is necessary to clarify relationships between characteristics deeply because correlation coefficients describe relationships in a simple manner (Korkut et al., 1993) . Path coefficient analysis separates the direct effects from the indirect effects through other related characters by partitioning the correlation coefficient (Dixet and Dubey, 1984) .
Many breeders were involved in analyzing the path coefficient. Usefulness of information obtained from correlation can be enhanced by partitioning them into direct and indirect effects for a set of a prior cause-andeffect interrelationships (Kang et al., 1983; Gravois and McNew, 1993) . Tuncturk (2007) investigated the relationships between yield and some yield components of 16 oilseed rape cultivars (B. napus ssp. oleifera L.) by using correlation and path coefficient analysis, and there was statistically positive correlation between yield with the number of branch (r = 0.219**), number of pods per plant (r = 0.424**), the number of seeds per pod (r = 0.247**) and 1000-seed weight (r = 0.161*). Number of pods per plant, 1000-seed weight and number of seeds per pod have shown a considerable direct positive effect on yield. Positive direct effect of number of pods per plant, number of seeds per pod and number of branches per plant was associated with significant and positive correlation with yield. These yield components suggested good selection criteria to improve yield of rapeseed breeding. The present study was undertaken to estimate the genetic diversity of some compatible oilseed genotypes in south and southeast part of Iran based on phenotypic traits and RAPD molecular marker (Table 1) . Morphological data included plant height (cm), number of days to emergence, number of days to first flowering, number of days to the end of flowering, duration of flowering, number of days to maturity, number of pods per main branch, number of seed per pod, 1000-seed weight and seed yield (t/ha). Statistical analysis such as correlation, regression and path analysis was done using viva SAS software.
MATERIALS AND METHODS

Plant
DNA amplification
DNA polymorphism was estimated on the basis of 10 RAPD primers (series of primers 1 to 10 Cinnagen Co., Tehran, Iran) ( Table 2) . PCR reaction were carried out in a volume of 25 µL containing 50 ng (1 µL) of DNA Template, 0.25 µmol of each primer and 12.5 µL master kit of Qiagen Company (PCR Master of Qiagen Company contains all components for PCR, except DNA template and primers. Composition of Master Mix: 0.04 u/µL Taq DNA polymerase, reaction buffer, 3 mM MgCl2, 0.4 mM of each dNTP (dATP, dCTP, dGTP and dTTP). PCR reaction was performed in 4 min at 94°C and 40 cycles: denaturation -1 min at 94°C, annealing -1 min at 40°C , extension -2 min at 72°C and final extension step at 72°C for 5 min. PCR product were separated by electrophoresis in 1.5% agarose gel with 1 × TAE buffer and stained with ethidium bromide. The obtained results were photographed by GENE SNAPE programme ( Figure 5 ).
RESULTS AND DISCUSSION
The results show that there were significant variations among the mentioned genotypes for all the measured traits. The highest correlation were found between yield and number of pods per main branch (r=0.889**). Significant and positive correlations were found between yield with number of seed per pod and number of days to first flowering. These results confirm the findings of Singh (1974) , Ozer et al. (1999) , Çalışkan et al. (1998) , Algan and Aygün (2001) and Tuncturk et al. (2007) . Also, highly significant and negative correlation was found between yield and number of days to maturity, while yield showed non-significant correlation with 1000 -seed weight.
Correlation coefficient of phonological traits showed that number of days to maturity had negative and significant correlation with seed yield (Table 3) . This could be due to heat stress at the end of growing season. Therefore, early maturing genotypes are suitable for condition with heat stress such as Jiroft region. The important of early maturity is an aspect of escape from the heat stress at the end of growing season, as well as controlling pest, especially aphids in concordance with Aien (2006) . Raymer (1991) reported that early maturing genotypes have high performance due to lack of heat stress at grain filling stage. More also, positive and significant correlation was found between number of days to first flowering and its duration as confirmed by Fanay (2008) . The result showed that duration of flowering was longer in late flowering genotypes; therefore both vegetative and reproductive stage was longer in late flowering genotypes which cause an increase in photosynthetic and seed yield, thus leading to a significant increase in their performances. These results explain significant and positive correlation number of days to first flowering with seed yield (Table 3) . Furthermore, path analysis was performed in order to investigate the relationships between yield and some yield components of studied genotypes (Table 3) . Path analysis showed that number of pods per main branch had the highest direct effect on yield (p = 0.953) ( Figure  1 ). Therefore, this trait can be recommended as the most important and effect factor for breeding strategist. Thurling (1974) , Ozer et al. (1999) and Ali et al. (2002) also reported that number of pods per plant had highest Ebrahimi et al. 17393 Table 2 . Used Primers for generate RAPDs in studied genotypes.
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direct effect on yield. 1000-Seed weight (p = 0.493) and number of seed per pod (p = 0.298) had positive direct effect on yield (Figure 1 ). Similar reports have been made by Singh (1974) , Seifert and Boelcke (1977) , Ozer et al. (1999) , Algan and Aygün (2001) and Tunctruk (2007) , thus confirming our results. 1000-seedweight was covered by the negative indirect effect of number pods per main branch and number of seed per pod (Table 4) , hence its correlation with yield was not significant (Table  3) . Residual value (0.081) showed that yield components including number of pods per branch, 1000-seed weight and, number of seed per pod respectively have excellent potential on yield improvement.
Moreover, in order to assess the effect of traits on yield, multiple linear regressions using step-wise method was performed. Number of pods per main branch was entered as the first variable in the model which explained 79% of yield variation. 1000-seed weight and number of seed per pod explained 14 and 7% of yield variation, respectively (Table 5) . These results conform to the result of path analysis, therefore number of pods per main branch has an important typical role to improve yield of used cultivars. Comparing standard regression coefficients identified importance of these traits and how they impact on yield (Table 6 ). Traits dispersion based on principal components analysis showed that traits were categorized in 3 different groups (Figure 2 ). The first group included 1000-seed weight and number of days to maturity, second group involved number of days to first flowering, duration of flowering, and number of seed per pod and seed yield, third group included height, number of days to emergence, number of days to the end of flowering and number of seed per pod (Figure 2) . Phonological traits had different trend variation. Number of days to maturity was located in a separate group. The number of days to first flowering and its duration as well as seed yield were located in the same group; it confirmed duration of flowering has significant correlation with number day to first flowering (Table 3) . Obtained results based on first two components showed that three main yield components including number of seed per pod, number of pod per branch and 1000-seed weight were located in the three separate groups. Since number of pod per main branch was located in the same group with seed yield, its variation has the same trend like seed yield and can emphasize on its importance. In addition, cluster analysis for all phenotypic traits based on the squared Euclidean distance and Ward's method were performed. The result shows that geno-types were divided in 4 groups (Figure 3 ): First group contained magnum, Sarigol, Hyola308, profit, B. Oleracea, RGS003 and Elite; second group contained goliath, Option500 and Fusia; third group contained Option501, Pf.7045.01, Holya402 and Norseman; whilethe fourth group contained Balero, Hyola401, Cyclan, Shiralee, Opera and B. rapa Slm ( Figure   3 ). Cluster analysis for all phenotypic traits showed that magnum, Sarigol, Hyola308, Profit, RGS003, Elite genotypes were located in the same group with B. Oleracea. Also, Balero, Hyola401, Cyclan, Shiralee, Opera and Slm were located in the same group with B. rapa. It was assumed that this could be due to their phenotypic similarity with their ancestors. Biplot of first two components which justified 52% of variation showed that 1000-seed weight and number of day to maturity had a different effect of there factors. This can be due to heat stress observed at ending growing season. Dispersion diagram of genotypes categorized them in 4 groups. Ten RAPD primers produced 74 bands. Minimum number of bands belonged to primer A with 2 bands and maximum number of band belonged to primer I with 15 bands. Estimated maximum PIC value was 0.37. Sum of PIC value for all of alleles of each primer were in the range 0.35-2.78 respectively for primer A and D (Table  7) . According to the obtained result, primer D was distinguished as the best primer for genetic diversity analysis. Also, molecular cluster analysis based on the Jaccard's similarity coefficient and UPGMA method was performed, the result showed that genotypes were divided in to 3 groups (Figure 4) . The first group contained Opera, Balero, Elite and Slm; the Second group contained Profit, Shiralee, Magnum, Hyola308, Fusia, RGS003, Norseman, B. oleracea, Hyola402, B. rapa, Option501, Pf.4075001, Hyola401 and Sarigol, and the third group contained Cyclan, Option500 and Goliath. Based on cluster analysis for molecular assay, early maturing and high yielding cultivars such as Hyola 308, Hyola 401 and Hyola 402 were located in the same group. Also, based on the result of correlation coefficient negative and significant correlation were found between number of days to maturity with seed yield. Genotypes with high number of seed per pod and seed yield were located in second group which had positive and significant correlation between number of seed per pod and seed yield.
Genotypes at third group have lowest number of pods per main branch and number of seed per pod, and positive and significant correlation was also found between number of pods per main branch and number of seed per pod. Since B. rapa and B. oleracea are diploid species and the rest are tetraploid, based on molecular cluster, these were located in the same group. Similarity matrix related to molecular data showed the genotypes magnum and Hyola308 have the lowest genetic distance and these genotype were located in the same group based on cluster analysis for phenotypic traits and molecular data. In addition, polymorphic bands were estimated as 81.04. These results therefore showed that there was an appropriate level of diversity.
